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(57) ABSTRACT

The subject matter described herein includes methods, sys-
tems, and computer readable media for single and multi-
carrier downlink and uplink control information resolution.
A method for downlink and uplink control information
resolution includes receiving a downlink signal including
downlink control information and uplink control informa-
tion. The downlink signal is processed to segregate at least
some of the downlink control information in the signal from
the uplink control information in the signal. The segregated
downlink control information is processed using downlink
control information processing resources. The uplink control
information in the signal is processed using uplink control
information processing resources.

19 Claims, 5 Drawing Sheets
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METHODS, SYSTEMS, AND COMPUTER
READABLE MEDIA FOR SINGLE AND
MULTI-CARRIER DOWNLINK AND UPLINK
CONTROL INFORMATION RESOLUTION

TECHNICAL FIELD

The subject matter described herein relates to decoding
downlink and uplink control information. More particularly,
the subject matter described herein relates to methods,
systems, and computer readable media for single and multi-
carrier downlink and uplink control information resolution.

BACKGROUND

In wireless communications networks, such as long term
evolution (LTE) networks, the downlink signal transmitted
from the network to the user equipment contains downlink
and uplink control information. It is the responsibility of the
user equipment or the user equipment simulator to correctly
process the downlink and uplink control information in
sufficient time to decode the corresponding downlink signal
and to generate the corresponding uplink signal. In one
exemplary multi-UE simulator architecture, a control DSP
has been tasked with processing the control information in
the downlink signal. The control DSP may have separate
cores, which may be used to process uplink and downlink
control information. Because the downlink signal includes
both uplink and downlink control information, it is desirable
to efficiently segregate the processing of this information so
that the benefit of a multi-core DSP can be fully utilized.

In LTE networks, carrier aggregation further complicates
the processing of the downlink signal. Carrier aggregation
refers to multiple different signal carriers in the same or
different frequency bands being used in the same downlink
signal. When carrier aggregation is utilized and different
processing resources are used to process downlink signals
transmitted on different carriers, it is desirable to identify
and separate signals on a per carrier basis. For example, in
LTE carrier aggregation, a receiver that designated for
carrier 1 may receive control information for carrier 1 and
carrier 2. If the processing resources in a device, such as a
multi-UE simulator, are segregated on a per carrier basis, it
is desirable to have an efficient mechanism for delivering
data carried on different signal carriers to the proper pro-
cessing resources.

Accordingly, in light of these difficulties, there exist a
need for methods, systems, and computer readable media for
single and multi-carrier downlink and uplink control infor-
mation resolution.

SUMMARY

The subject matter described herein includes methods,
systems, and computer readable media for single and multi-
carrier downlink and uplink control information resolution.
A method for downlink and uplink control information
resolution includes receiving a downlink signal including
downlink control information and uplink control informa-
tion. The downlink signal is processed to segregate at least
some of the downlink control information in the signal from
the uplink control information in the signal. The segregated
downlink control information is processed using downlink
control information processing resources. The uplink control
information in the signal is processed using uplink control
information processing resources.
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The subject matter described herein may be implemented
in hardware, software, firmware, or any combination
thereof. As such, the terms “function” “node” or “module”
as used herein refer to hardware, which may also include
software and/or firmware components, for implementing the
feature being described. In one exemplary implementation,
the subject matter described herein may be implemented
using a computer readable medium having stored thereon
computer executable instructions that when executed by the
processor of a computer control the computer to perform
steps. Exemplary computer readable media suitable for
implementing the subject matter described herein include
non-transitory computer-readable media, such as disk
memory devices, chip memory devices, programmable logic
devices, and application specific integrated circuits. In addi-
tion, a computer readable medium that implements the
subject matter described herein may be located on a single
device or computing platform or may be distributed across
multiple devices or computing platforms.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter described herein will now be explained
with reference to the accompanying drawings of which:

FIG. 1 is a block diagram of an LTE multi-UE simulator
for single and multi-carrier downlink and uplink control
information resolution according to an embodiment of the
subject matter described herein;

FIGS. 2A and 2B are block diagrams illustrating exem-
plary uplink and downlink control information resolution for
the single carrier case according to an embodiment of the
subject matter described herein;

FIG. 3 is illustrates uplink and downlink control infor-
mation resolution for the multi-carrier case according to an
embodiment of the subject matter described herein; and

FIG. 4 is a flow chart illustrating exemplary overall steps
for uplink and downlink control information resolution
according to an embodiment of the subject matter described
herein.

DETAILED DESCRIPTION

Methods, systems, and computer readable media for
single and multi-carrier downlink and uplink control infor-
mation resolution are disclosed. FIG. 1 is a block diagram of
a multi-UE simulator for performing single and multi-carrier
downlink and uplink control information resolution accord-
ing to an embodiment of the subject matter described herein.
Referring to FIG. 1, multi-UE simulator 100 includes a
plurality of antenna interfaces 102 that transmit signals to
and from device under test 103. Antenna interfaces 102 may
be actual radio interfaces capable of transmitting data to and
receiving data from DUT 103 over wireless links. Alterna-
tively, antenna interfaces 102 may be wired interfaces, such
as common public radio interface (CPRI) interfaces that
transmit data to and receive data from DUT 103 over wired
links that are intended to simulate wireless links. Device
under test 103 may be any suitable radio network element,
such as an eNode B. Simulator 100 also includes receive
signal chain processing resources 104 that perform symbol
and various channel processing functions on a per-carrier
basis for a multi-carrier downlink signal. In the illustrated
example, receive signal chain processing resources 104 are
provided for carriers C1-CN, where N is an integer equal to
the number of carriers.

Multi-UE simulator 100 includes a plurality of digital
signal processors (DSPs) 106 that perform uplink specific
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and downlink specific processing of downlink signals. As
with the receive signal chain processing resources 104,
DSPs 106 are provided on a per carrier basis for separately
processing signals carried on different carriers C1-CN. In the
illustrated example, each DSP 106 includes multiple cores
including an uplink core 108 for processing uplink control
information and a downlink core 110 for processing down-
link control information. Additional components of multi-
UE simulator 100 include turbo decoders and resources for
processing MAC and radio link control information but are
not illustrated in FIG. 1, as they are not necessary to
illustrate the functionality of the subject matter described
herein.

According to one aspect of the subject matter described
herein, each receive signal chain processing resource 104
includes an uplink/downlink control information segrega-
tion function 112 that segregates uplink control information
and downlink control information from a received downlink
signal and a carrier control information segregation function
114 that segregates control information for different carriers
and provides the carrier specific control information to the
appropriate carrier specific DSP 106. The operation of both
of these functions will now be described in detail.

Referring to FIG. 2A, receive signal chain processing
resources 104 for a single carrier, C1, are illustrated. Uplink/
downlink control information segregation function 112 pro-
cesses the downlink signal into downlink control informa-
tion 200, uplink control information 202, and unresolved
control information 204 that cannot be initially identified as
uplink or downlink control information. Uplink/downlink
control information segregation function 112 may initially
segregate the uplink control information from the downlink
control information based on the lengths of various param-
eter values. For parameters for which parameter value
lengths cannot be used to segregate the uplink control
information from the downlink control information, uplink/
downlink control information segregation function 112 may
examine values of the various parameters to determine
whether the value is part of the uplink control information or
the downlink control information. Uplink/downlink control
information segregation function 112 provides the segre-
gated control information to control DSP 106, for example,
by writing the data to separate portions of shared memory
accessible by control DSP 106. Downlink core 110 pro-
cesses downlink control information 200 and unresolved
control information 204. Because downlink core 110 is not
required to process uplink control information 202, control
DSP 106 are preserved and takes less processing time.
Similarly, as illustrated in FIG. 2B, uplink core 108 pro-
cesses only the unresolved control information 204 and
uplink control information 202. Because uplink core is not
required to process the downlink control information 200,
control DSP resources are conserved and takes less process-
ing time.

As stated above, if LTE carrier aggregation is used,
antennas designated to receive signals for specific signal
carriers may receive control information carried for multiple
different signal carriers. FIG. 3 is a block diagram illustrat-
ing the segregation of carrier specific processing resources
within multi-UE simulator 100. Referring to FIG. 3, each
receive signal chain processing resource 104, in addition to
uplink/downlink control information segregation function
112 includes carrier control information segregation func-
tion 114. Carrier control information segregation function
114 separates control information for different carriers from
the downlink signal and forwards carrier specific control
information to the appropriate carrier specific DSP 106.
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Each uplink/downlink control information segregation func-
tion 112 may also separate the uplink and downlink control
information for each carrier before the information is pro-
vided to the carrier specific DSP 106. Each carrier specific
DSP 106 processes carrier specific control information.
Thus, by processing the downlink signal to separate control
information carried on different signal carriers and providing
carrier specific information to the appropriate DSP 106, DSP
resources can be organized on a carrier specific basis.

FIG. 4 is a flow chart illustrating exemplary steps for
single and multi-carrier downlink and uplink control infor-
mation resolution according to an embodiment of the subject
matter described herein. Referring to FIG. 4, in step 400, a
downlink signal including downlink control information and
uplink control information is received. For example, LTE
multi-UE simulator 100 may receive a downlink signal from
an eNodeB under test. In step 402, the downlink signal is
processed to separate control information for different car-
riers. For example, carrier control information segregation
function 114 may separate the control information for dif-
ferent carriers in the downlink signal. In step 404, the control
information carried on each carrier in the downlink signal is
processed to segregate at least some of the downlink control
information in the signal from uplink control information in
the signal. For example, each uplink/downlink control infor-
mation segregation function 112 may separate uplink control
information, downlink control information, and unresolved
control information for each carrier.

In step 406, the segregated downlink control information
is provided to carrier specific processing resources. For
example, uplink/downlink control information segregation
function 112 may provide the segregated control information
for each carrier to the appropriate carrier-specific DSP 106.

In step 408, the segregated uplink and downlink control
information are respectively processed using uplink and
downlink control information processing resources associ-
ated with each carrier specific processing resource. For
example, uplink core 108 associated with each carrier spe-
cific DSP 106 may process the uplink control information,
and downlink core 110 associated with each carrier-specific
DSP may process the downlink control information. For
DCIs with downlink channel information, downlink core
110 sends a resource mapping obtained from the DCI (i.e.,
frequency, modulation, data block size, etc.) to receive
signal chain processing resources 104 so that receive signal
chain processing resources 104 can decode the downlink
data on the LTE physical downlink shared (PDSCH) chan-
nel. Uplink core 108 may determine, using the uplink
control information, the resource mapping for the uplink
signal and communicate the resource mapping for the uplink
signal to carrier specific uplink channel processing resources
(not shown in FIG. 1) so that the uplink signal can be
correctly formed. Receive signal chain processing resources
104 may perform channel de-mapping or delineation of data
for one or more UEs, demodulating, and/or rate de-match-
ing.

Because the amount of control information required to be
analyzed and processed by each core 108 and 110 is reduced,
processing efficiency of simulator 100 with respect to both
single and multi-carrier signals is increased. In addition,
because downlink control information transmitted on differ-
ent carriers is sent to the appropriate carrier specific pro-
cessing resources, the processing efficiency of simulator 100
with respect to multi-carrier signals is further increased.

It will be understood that various details of the subject
matter described herein may be changed without departing
from the scope of the subject matter described herein.
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Furthermore, the foregoing description is for the purpose of
illustration only, and not for the purpose of limitation, as the
subject matter described herein is defined by the claims as
set forth hereinafter.
What is claimed is:
1. A method for downlink and uplink control information
resolution, the method comprising:
receiving a downlink signal including downlink control
information and uplink control information;

processing the downlink signal to segregate at least some
of the downlink control information in the signal from
the uplink control information in the signal, wherein
processing the downlink signal includes identifying at
least some control information that cannot initially be
classified as uplink control information or downlink
control information;

processing the segregated downlink control information

using downlink control information processing
resources;

processing uplink control information using uplink con-

trol information processing resources; and

processing the information that cannot initially be classi-

fied uplink or downlink control information using the
downlink control information processing resources and
the uplink control information processing resources.

2. The method of claim 1 wherein the downlink signal
comprises a long term evolution (LTE) downlink signal.

3. The method of claim 1 wherein receiving a downlink
signal includes receiving a downlink signal having control
information carried on multiple different signal carriers and
wherein the method further comprises preprocessing the
downlink signal to separate control information carried on
different carriers and delivering carrier specific control
information to carrier specific processing resources.

4. The method of claim 1 wherein processing the down-
link control information includes using the downlink control
information to obtain a resource mapping of the downlink
signal.

5. The method of claim 1 wherein the uplink control
information processing resources and the downlink control
information processing resources comprise separate cores of
a control digital signal processor (DSP).

6. The method of claim 3 wherein the carrier specific
processing resources comprise separate digital signal pro-
cessors (DSPs).

7. The method of claim 1 wherein segregating the uplink
and downlink control information includes storing the
uplink and downlink control information in different areas of
memory.

8. The method of claim 1 wherein the steps are performed
at a multi-UE simulator.

9. The method of claim 8 wherein the multi-UE simulator
comprises a long term evolution (LTE) multi-UE simulator.

10. A system for downlink and uplink control information
resolution, the system comprising:

at least one interface for receiving a downlink signal

including downlink control information and uplink
control information;

an uplink/downlink control information segregation func-

tion for processing the downlink signal to segregate at
least some of the downlink control information in the
signal from the uplink control information in the signal,
wherein processing the downlink signal includes iden-
tifying at least some control information that cannot
initially be classified as uplink control information or
downlink control information;
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downlink control information processing resources for
processing the segregated downlink control informa-
tion and for processing the information that cannot
initially be classified uplink or downlink control infor-
mation; and

uplink control information processing resources for pro-

cessing the segregated uplink control information and
for processing the information that cannot initially be
classified uplink or downlink control information.
11. The system of claim 10 wherein the downlink signal
comprises a long term evolution (LTE) downlink signal.
12. The system of claim 10 wherein the downlink signal
includes control information carried on multiple different
signal carriers and wherein the system further comprises a
carrier control information segregation function for separat-
ing control information carried on different signal carriers in
the downlink signal and for providing the carrier specific
control information to carrier specific processing resources.
13. The system of claim 10 wherein the downlink control
information processing resources are configured to deter-
mine a resource mapping of the downlink signal using the
downlink control information.
14. The system of claim 10 wherein the uplink control
information processing resources and the downlink control
information processing resources comprise separate cores of
a control digital signal processor (DSP).
15. The system of claim 12 wherein the carrier specific
processing resources comprise separate digital signal pro-
cessors (DSPs).
16. The system of claim 10 wherein segregating the
uplink and downlink control information includes storing
the uplink and downlink control information in different
areas of memory.
17. The system of claim 10 comprising a multi-UE
simulator, wherein the interface, the uplink/downlink con-
trol information segregation function, and the uplink and
downlink control information processing resources are com-
ponents of the multi-UE simulator.
18. The system of claim 17 wherein the multi-UE simu-
lator comprises a long term evolution (LTE) multi-UE
simulator.
19. A non-transitory computer readable medium compris-
ing computer executable instructions embodied in a com-
puter readable medium that when executed by a processor of
a computer control the computer to perform steps compris-
ing:
receiving a downlink signal including downlink control
information and uplink control information;

processing the downlink signal to segregate at least some
of the downlink control information in the signal from
the uplink control information in the signal, wherein
processing the downlink signal includes identifying at
least some control information that cannot initially be
classified as uplink control information or downlink
control information;

processing the segregated downlink control information

using downlink processing resources;

processing uplink control information using uplink con-

trol information processing resources; and

processing the information that cannot initially be classi-

fied uplink or downlink control information using the
downlink control information processing resources and
the uplink control information processing resources.
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